Chlorine bound to nitrogen is an interesting oxidizing agent in aqueous, partial aqueous and non-aqueous media. One can assume that the oxidizing action of the chlorine depends on the polarization of the Cl atom in the bond N -C l which will depend on the electron distribution in the ligands R and R" of the configuration R -N C 1 -C O -R ". 17 compounds were synthesized with R = substituted phenyl radical C6H 5-yXy, X = C1, N 0 2, R " = C H 2C1. The 35C1 NQR frequencies are observed in the range 52 to 54 MHz (T = 77 K) for the C1(N\ 34 to 37 MHz for the phenyl chlorines and the CH2C1 group. Their temperature dependence was followed up to 300 K. Therefrom the assignment of the resonance to certain Cl-atoms in the molecules is possible. Generally, the sub stitution of a negative substituent X (Cl, N 0 2) in the phenyl ring raises the resonance frequencies; the influence of the C H 2C1 group on the N -C l bond is weak. Strong is the influence of the carbonyl group on the N -C l bond. The IR group frequencies v(C = 0 ) are found in the range 1680 < v (C = 0 )/c m -1 < 1717, shifted up by < 20 cm -1 compared to the corresponding acetamide R -NH -CO -R". Influence of the phenyl ring substitution on v (C = 0 ) does not follow a simple law of inductive effect. Also a correlation between the vibration frequencies of the N -C l group and the phenyl group substitution is not found.
Introduction N -C l compounds are of interest in synthetic, ana lytical and biological chemistry, because of their oxi dizing action in aqueous, partial aqueous and nonaqueous media. Their oxidizing power depends on the ease with which the halogen is released as positive ion in the reaction system, which in turn depends on the electron environment around the N -X bond. In re cent years one of us [1] has followed up oxidation reactions in solution with N-halogen. A sensitive mea sure for the polarization of the N-halogen bond is the halogen nuclear quadrupole resonance (NQR). The 35C1 NQR at 77 K of several compounds with N -C l bond was studied in the past. For the configuration R = N-C1, Segel et al. [2] observed for N-chloro-pbenzoquinoneimine a 35C1 NQR singlet at 45.0 MHz, and Hart and Whitehead [3] observed a singlet at 46.3 MHz on 2,6-dibromo-N-chloro-p-benzoquinoneimine. At the lower end of the frequency scale for 35C1 NQR in N -C l bonds one finds also N-chloropiperidine (Kashiwagi et al. [4] ) with 43.9 MHz. In the 44-46 MHz range the resonances of (R -S )(0 2) -N -Cl)_ • N a+ • 3 H 20 (chloramine B, R = C6H 5) [3] and chloramine T, R = H 3CC6H4) (Hooper and Bray [5] ) have been observed. N-chloroethyleneimine (45.6 MHz) is in this range (Osokin et al. [6] ) as is N-chloro-Nmethyl-methanamine (Schempp [7] ). The dichloramines B and T with the configuratioan R -S (0 )2-N C12 have been studied [3, 5] and the 35C1 NQR frequencies are considerably higher, between 51.6 and 52.6 MHz. The 35C1 NQR spectrum of N-chlorosuccinimide [3, 5] , N-chlorophthalimide [3] , l,3-dichloro-5,5-dimethylhydantoin [3, 5] , N,N-dichlorourethane and 1-chlorobenzotriazole [3] are still up in the frequency scale with the highest resonance found at 56.7 MHz. The 35C1(N) resonance frequencies may go up higher; 1,3,5-trichloro -1,3,5-triazine -2,4,6-( 1H, 3 H, 5 H)-trione has its 35C1(N) at 58.9 MHz (77 K) (Nagao and Katagiri [8] [9] [10] ). For this compound the 37C1 NQR was reported too (Fitzky et al. [11] ). The salts [(CH3)3NC1] + C104 and [(CH3)3NC1]+ BF4 were studied by Lynch and Waddington [12] and by Cowan et al. [13] . An upshift of the 35C1 frequencies into the range of 52-54 MHz occurs in configurations R -N C 1(N 02) as shown by Fridman et al. [14] .
Hart and Whitehead have analysed theoretically and classified the chlorine NQR spectra of the com pounds given above. A comprehensive report on 35C1 NQR data of chlorine in bonds N -C l (also of 14N-NQR in these bonds) is due to Chihara and Naka mura [15] .
Several years ago we have studied the 35C1 NQR spectra of a number of ring chlorinated anilines, anilinium salts (Pies and Weiss [16] ) and acetanilides ClnC6H 5_nN H C (0)C H 3_xClx (Pies et al. [17] ). At present the chemistry of acetanilides has found con siderable interest because of their use as fungicides and pesticides. Recently we have determined the crystal structure of N-[2,6 dichlorophenyl]-2-chloroacetamide and of N-[2,6-dichlorophenyl]-2,2,2-trichloroacetamide. As a function of temperature the 35C1-NQR spectrum of these two compounds and of N-[2,6-dichlorophenyl]-2,2-dichlo-roacetamide and the phase transitions in these solid compounds were in vestigated (Groke et al. [18] ), 2,6-Cl2C6H 3NHCOCCl3 by neutron diffraction and Tj (35C1) measurements (Groke et al. [19] [8] .
In the following we report on 35C1 NQR in N -C l bonds of N-[chloro-and nitrophenyl]-N(Cl)-2-chloroacetamides and the C = 0 and N -C l IR wave num bers. We shall discuss the influence of the substitution on the phenyl ring and of the CH2C1 group on the 35C1 NQR in the bond N -C l and on v(C = 0 ) and v (N-Cl).
Experimental

The Preparation of the Compounds
The acetanilides were prepared from commercial anilines and chloroacetylchloride, respectively, fol lowing the methods given in [17] . The compounds were purified by either zone refining or by double distillation. The compounds were recrystallized from ethanol. The purity of the reported acetanilides was checked by measuring the melting points Tm and the 35C1 NQR frequencies known from [17] , see Table 1 . c) N -C l-N -[nitrophenyl]-2-chloroacetamides were prepared by treating the corresponding acetanilides in pure acetic acid with aqueous acetic acid solutions of Ca(OCl)2. The rest of the procedure was similar to (b) .
All the N-chloro-compounds were recrystallized either from a mixture HCCl3/light petrolether or from cyclohexane, toluene, and mixtures of the two sol vents, respectively. The purity of the compounds was checked by estimating the active chlorine content by iodometric titration. In Table 1 we list the compounds synthesized, analysed, and investigated spectroscopi cally, their crystal habitus, color, melting point Tm, and the results of the chemical analysis.
35Cl NQR Spectroscopy
Polycrystalline samples of the title compounds were studied as function of temperature T in the range 77 < T/K <300, or up to the fade out temperature T{ of the 35Cl NQR signals ( Table 2 ). The spectra were registered by the continuous wave method with a superregenerative spectrometer. T at the sample site was produced by a stream of temperature and flow regu lated nitrogen gas and with a liquid nitrogen bath at 77 K. The temperatures at the sample site were mea sured by copper-constantan thermocouples to + 1K, the resonance frequency via a frequency counter to ± 5 kHz, the latter accuracy is determined by the line width of the resonances, which is between 15 and 20 kHz. The 37C1(N) NQR was also registered for the N -C l compounds at 77 K. Table 1 . Compounds (acetanilides and Cl(N)-acetanilides), synthesized, analysed, and studied. Given is for the newly synthe sized compounds in weight% (calc./found): C, H, N, (Cl)acl, the habitus, color, melting point Tm (in °C).
The acetanilides (N -H ) of (7), (9)- (14), i.e., (7a), (9a)-(14a), have not been analysed chemically. The identification of the compounds was done by measuring their melting points and 35C1-NQR of w-Cl and ring-Cl, respectively, at 77 K and comparing the data with literature data reported in [17] . 
IR-Spectroscopy
The IR spectra of the compounds were taken at room temperature, with compounds immersed in Nujol (Perkin-Elmer Model 325 Infrared Spectrophoto meter). For comparison, both the basic acetanilides and the N-chlorinated compounds were studied in the range, 4000 > v/cm _ 1 > 400.
Results
In Table 2 we have listed the 35C1 NQR frequencies at selected temperatures for the title compounds. From this table one recognises that there is no change in the multiplicity of the spectrum from 77 K up to room temperature (besides a dynamical fade out of v(Cl(W)). We can safely conclude that there is no phase transition of first order in the title compounds in the range 77 < T/K < 300. In a few cases not all resonances could be observed and also the temperature depen dent measurements are some times incomplete be cause of very low signal to noise ratio, S/N. It may be difficult to assign the C1(W ) NQR frequencies and the phenyl ring ones if they are close together. A measure ment of v(35Cl) -f{T) is often a solution of the prob lem as shown some time ago (Biedenkapp and Weiss [24] ). Therefore we have measured v(35C l)= /(T ) for some compounds with a more dense net of points. In Figs. 1, 2, and 3 , the 35C1 NQR frequencies of (6) and (10), of (7) and (11), and of (12) and ( and the coefficients a, are listed in Table 3 . The IR wave numbers v/c(C = 0 ) and v/c(N -C l) are listed in Table 4 . There is no problem in assign ment of u(C = 0), but the assignment of v(N -C l) is 
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No 35C1 resonance found rather uncertain. We give the v/c(C = 0 ) wave num bers for the compounds as well for R -N H -C O -CH2C1 as for R -N C l-C O -C H 2Cl of compounds comparable with the title compounds. Belaj and Nachbaur [25] report v/c(C = 0 ) = 1781 cm -1 , v/c(N -C l) = 673 cm-1 for N,N,N-trichloro-isocyanuric acid (data taken from Dehnicke and Leimeister [26] ) and v/c(C = 0 ) = 1776 cm' 1, v/c(N -C l) = 527 cm-1 for N-chlorosuccinimide (data from Woldbaek et al. [27] ). On substituted acetanilides Ben nett and Maire [28] observed in the IR spectrum of a number of compounds in CHC13-and CH 3CN-solution v/c(C = 0 ) in the range 1690 to 1709 cm -1 . In a study (Raman, IR) of N-chloro-chloroformimidoyl chloride C12CNC1 in the gaseous, liquid, and solid phase Burke and Mitchell [29] observed the N -C l stretching wave number at 746 cm -1. Carter and Devia [30] find in N,N-dichloromethylcarbamate, Table 3 . Coefficients a, of the power series development v(35Cl) = f{T ), (1) of title compounds (Table 1) . z is the num ber of experimental data taken for (1), a is the mean squares deviation (in kHz). Table 4 . Infrared stretching frequencies v(N -H ), v(C = 0 ) and v(N -C l) (probable stretching and deformation frequen cies) of the title compounds R -N H C O -R ' and R-NC1CO-R' (see Table 1 ). The wave numbers v/c are given in cm "1. Mea surements of solid compounds in Nujol. Abbreviations: b: broad; d: doublet; m: medium; s: strong; sh: shoulder; w: weak. [32] , The N -C l stretching frequencies of a number of compounds related to isocyanuric acid were studied by Petterson et al. [33] . The valence fre quencies of a number of N-alkyl-N-chloroalkanes and their SbCl6-salts have been observed by Thiel et al. [34] ; they found considerable shifts to higher wave numbers by going from the molecules to the salts.
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Discussion
The first point we raise is the assignment of the 35C1 NQR lines to the positions of the Cl atoms in the molecule. There is no problem to do so. In the Nchloroacetanilides the 35C1 NQR frequencies of C1(N) are found at much higher values than of C l<c), some where between 51 and 54 MHz, and therefore the as signment is unique. The w-Cl atoms have, as shown before [17, 24] , much higher temperature coefficients as the ring chlorines have, and no difficulty in assign ment arises. Also the intensities, respectively S/N is helpful in this respect (see Table 2 ), and in some com pounds the signals of the w-Cl even bleach out below room temperature due to the onset of strong librational motions of the C H 2C1 group.
Several of the compounds with the general configu ration: C6H 5_),XJ7-NC1 -C O -C H 3 (I) do not show An interesting point is the correlation of NQR and other bond dependent physical properties (e.g. v (C1(N)) with the bond distances N -C l). Such relations are discussed at length by Weiss and Wigand [35] , and a typical example is the correlation between v (35C1) and the bond distances H g -C l and the stretching frequen cies v(Hg-Cl) in mercury chloride complexes, where an increase of v/c(H g-C l) from 250cm -1 to 400 cm -1 is linearly connected with a change of v(35Cl) from 13 MHz to 23 MHz and v(35Cl) de creases strongly with increasig bond distance H g-C l (Scaife [36] , v(35Cl) = /(d(S n-C l)) is reported by Storck and Weiss [37] .
We consider first a possible correlation between the ring substitution and v(C = 0); the data are given in Table 4 . Comparing the compounds R -N H C O -R ' with R -N C 1C O -R ', there is an upward shift of v/c(C = 0 ) by the exchange N -H ->N -C l. The shift is between 0 and 20 cm -\ and it is not correlated with the ring substitution pattern.
The IR wave numbers assigned to the group N -C l (Table 4 ) are found at 527 cm " 1 for N-chlorosuccinimide [25] and 673 cm -1 for N-trichloroisocyanuric acid. We observe wave numbers in the range 450-930 cm -1 . The assignment and the finding out of correla tions between v(35Cl(N)) and v(N -Cl) is not straight forward.
As much as the relation v(35Cl(N)) = /(d (N -C l)) is concerned, the experimental material is small. For Nchlorosuccinimide the crystal structure was reported by Brown [38] , and he found d(N -C l) = 169 pm. We report for (6) d(N -C l) = 170.6(2) pm [39] . Thiel et al. [34] in their study of hexachloroantimonates(V) with N-chloroalkane-ammonium cations determined the crystal structure of N-ethyl-N-chloroethylammonium hexachloroantimonate(V) and found bond distances d (N -C l) of 175.6(13) and 178.4 (14) pm. The crystal structure of trichloroisocyanuric acid, (ClCNO)3 • V2 (C2H4C12) was reported by Belaj and Nachbaur [25] ; they found for the three crystallographically in equivalent Cl atoms in the molecule within the limits of error <d (N -C l)) = 169 pm. The conclusion is: (d(N -Cl)) is only weakly increasing with decreasing v (35C l(N) ). Combined studies of 35C1(N) in bonds N -C l and crystal structure studies are necessary, particu larly of compounds with v(35Cl(N)) in the 45 MHz region and in the 58 MHz range.
